Introduction {#Sec1}
============

The role of mathematical modeling has been intensively growing in the study of epidemiology. Various epidemic models have been proposed and explored extensively and great progress has been achieved in the studies of disease control and prevention. Many authors have investigated the autonomous epidemic models. May and Odter \[[@CR1]\] proposed a time-periodic reaction-diffusion epidemic model which incorporates a simple demographic structure and the latent period of an infectious disease. Guckenheimer and Holmes \[[@CR2]\] examined an SIR epidemic model with a non-monotonic incidence rate, and they also analyzed the dynamical behavior of the model and derived the stability conditions for the disease-free and the endemic equilibrium. Berryman and Millstein \[[@CR3]\] investigated an SVEIS epidemic model for an infectious disease that spreads in the host population through horizontal transmission, and they have shown that the model exhibits two equilibria, namely, the disease-free equilibrium and the endemic equilibrium. Hassell *et al.* \[[@CR4]\] presented four discrete epidemic models with the nonlinear incidence rate by using the forward Euler and backward Euler methods, and they discussed the effect of two discretizations on the stability of the endemic equilibrium for these models. Shilnikov *et al.* \[[@CR5]\] proposed a VEISV network worm attack model and derived the global stability of a worm-free state and local stability of a unique worm-epidemic state by using the reproduction rate. Robinson and Holmes \[[@CR6]\] discussed the dynamical behaviors of a Schrödinger-prey system and showed that the model undergoes a flip bifurcation and a Hopf bifurcation by using the center manifold theorem and bifurcation theory. Bacaër and Dads \[[@CR7]\] investigated an SVEIS epidemic model for an infectious disease that spreads in the host population through horizontal transmission.

Recently, Yan *et al.* \[[@CR8]\], Xue \[[@CR9]\] and Wan \[[@CR10]\] discussed the threshold dynamics of a time-periodic reaction-diffusion epidemic model with latent period. In this paper, we will study the existence of the disease-free equilibrium and endemic equilibrium, and the stability of the disease-free equilibrium and the endemic equilibrium for this system. Conditions will be derived for the existence of a flip bifurcation and a Hopf bifurcation by using bifurcation theory \[[@CR11], [@CR12]\] and the center manifold theorem \[[@CR13]\].

The rest of this paper is organized as follows. A discrete SIR epidemic model with latent period is established in Section [2](#Sec2){ref-type="sec"}. In Section [3](#Sec3){ref-type="sec"} we obtain the main results: the existence and local stability of fixed points for this system. We show that this system goes through a flip bifurcation and a Hopf bifurcation by choosing a bifurcation parameter in Section [4](#Sec4){ref-type="sec"}. A brief discussion is given in Section [5](#Sec5){ref-type="sec"}.

Model formulation {#Sec2}
=================

In 2015, Yan *et al.* \[[@CR9]\] discussed the threshold dynamics of a time-periodic reaction-diffusion epidemic model with latent period. We consider the following continuous-time SIR epidemic model described by the Schröding-prey equations: $$\documentclass[12pt]{minimal}
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Main results {#Sec3}
============
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Theorem 1 {#FPar1}
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By a simple calculation, Conditions (A) in Theorem [2](#FPar2){ref-type="sec"} can be written in the following form: $$\documentclass[12pt]{minimal}
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Bifurcation analysis {#Sec4}
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                \begin{document}$$ \begin{aligned}[b] G^{*}(X_{n})={}&{-}X_{n}+c_{1}X^{2}_{n}+c_{2}X_{n}h^{*}+c_{3}X^{2}_{n}h^{*}+c_{4}X_{n}h^{*2} \\ &+c_{5}X^{3}_{n}+o\bigl(\bigl(|X_{n}|+\big|h^{*}\big| \bigr)^{3}\bigr). \end{aligned} $$\end{document}$$

In order to calculate map ([11](#Equ11){ref-type=""}), we need two quantities $\documentclass[12pt]{minimal}
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Therefore we have the following result.

Theorem 3 {#FPar3}
---------
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We further consider the bifurcation of $\documentclass[12pt]{minimal}
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                \begin{document}$$ \left \{ \textstyle\begin{array}{l} S_{n+1}=S_{n}+(h^{*}+h_{2})(\mu_{2} N_{2}-\mu_{2} S_{n}-\frac{\beta _{2} S_{n}I_{n}}{N_{2}}),\\ I_{n+1}=I_{n}+(h^{*}+h_{2})(\frac{\beta_{2} S_{n}I_{n}}{N_{2}}-\gamma _{2} I_{n}-\mu_{2} I_{n}). \end{array}\displaystyle \right . $$\end{document}$$
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                \begin{document}$$ \left \{ \textstyle\begin{array}{l} U_{n+1}=U_{n}+(h^{*}+h_{2})(-\mu_{2}U_{n}-\frac{\beta _{2}}{N_{2}}U_{n}V_{n}-\frac{\beta_{2}}{N_{2}}U_{n}I^{*}-\frac{\beta _{2}}{N_{2}}V_{n}S^{*}), \\ V_{n+1}=V_{n}+(h^{*}+h_{2})(\frac{\beta_{2}}{N_{2}}U_{n}V_{n}-(\gamma _{1}+\mu_{1})V_{n}+\frac{\beta_{2}}{N_{2}}U_{n}I^{*}+\frac{\beta _{2}}{N_{2}}V_{n}S^{*}), \end{array}\displaystyle \right . $$\end{document}$$ which gives $$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{gathered} \bar{F}_{X_{n}X_{n}}=0,\qquad \bar{F}_{Y_{n}Y_{n}}= \frac{2h_{2}\beta _{2}\alpha(1+\alpha)}{N_{2}\beta_{2}}, \qquad\bar{F}_{X_{n}Y_{n}}=\frac {h_{2}\beta_{2}(1+\alpha)}{N_{2}}, \\ \bar{F}_{X_{n}X_{n}X_{n}}=\bar{F}_{X_{n}X_{n}Y_{n}}=\bar{F}_{X_{n}Y_{n}Y_{n}}=\bar{F}_{Y_{n}Y_{n}Y_{n}}=0, \\ \bar{G}_{X_{n}X_{n}}=0,\qquad \bar{G}_{Y_{n}Y_{n}}=- \frac{2h_{2}\beta _{2}\alpha}{N_{2}}, \qquad\bar{G}_{X_{n}Y_{n}}=-\frac{h_{2}\beta_{2}\beta}{N_{2}}, \\ \bar{G}_{X_{n}X_{n}X_{n}}=\bar{G}_{X_{n}X_{n}Y_{n}}=\bar{G}_{X_{n}Y_{n}Y_{n}}=\bar{G}_{Y_{n}Y_{n}Y_{n}}=0. \end{gathered} $$\end{document}$$
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Therefore we have the following result.
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Conclusions {#Sec5}
===========

The paper investigated the basic dynamic characteristics of a Schrödinger-prey system with latent period. First, we applied the forward Euler scheme to a continuous-time SIR epidemic model and obtained the Schrödinger-prey system. Then the existence and local stability of the disease-free equilibrium and endemic equilibrium of the model are discussed. In addition, we chose *h* as the bifurcation parameter and studied the existence and stability of flip bifurcation and Hopf bifurcation of this model by using the center manifold theorem and the bifurcation theory. Numerical simulation results show that for the model ([2](#Equ2){ref-type=""}) there occurs a flip bifurcation and a Hopf bifurcation when the bifurcation parameter *h* passes through the respective critical values, and the direction and stability of flip bifurcation and Hopf bifurcation can be determined by the sign of $\documentclass[12pt]{minimal}
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                \begin{document}$\alpha_{2}$\end{document}$ and *a*, respectively. Apparently there are more interesting problems as regards this Schrödinger-prey system with latent period which deserve further investigation.
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